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The study of the mechanism of electroweak symmetry breaking is one of the principal goals 
of the CERN LHC program. In the Standard Model (SM), this symmetry breaking is achieved 
through the introduction of a complex doublet scalar field, leading to the prediction of the 
Higgs boson H HD-El, whose mass wjh is, however, not predicted by the theory In 2012, the 
ATLAS and CMS Collaborations at the LHC announced the discovery of a particle with Higgs 
boson-like properties and a mass of about 125 GeV I3j9l. The discovery was based primarily 
on mass peaks observed in the 77 and ZZ —>• (denoted H —> ZZ —> A£ for sim¬ 

plicity) decay channels, where one or both of the Z bosons can be off-shell and where £ and £' 
denote an electron or muon. With mn known, all properties of the SM Higgs boson, such as its 
production cross section and partial decay widths, can be predicted. Increasingly precise mea¬ 
surements lUOtiT^ have established that all observed properties of the new particle, including 
its spin, parity, and coupling strengths to SM particles are consistent within the uncertainties 
with those expected for the SM Higgs boson. 

The ATLAS and CMS Collaborations have independently measured nin using the samples of 
proton-proton collision data collected in 2011 and 2012, commonly referred to as LHC Run 1. 
The analyzed samples correspond to approximately 5 fb^^ of integrated luminosity at ^/s = 
1 TeV, and 20 fb^^ at v^s = 8 TeV, for each experiment. Combined results in the context of the 
separate experiments, as well as those in the individual channels, are presented in Refs. IIT21IT41 - 
[ 161 . 

This Letter describes a combination of the Run 1 data from the two experiments, leading to 
improved precision for mu. Besides its intrinsic importance as a fundamental parameter, im¬ 
proved knowledge of wjh yields more precise predictions for the other Higgs boson properties. 
Lurthermore, the combined mass measurement provides a first step towards combinations of 
other quantities, such as the couplings. In the SM, mn is related to the values of the masses 
of the W boson and top quark through loop-induced effects. Taking into account other mea¬ 
sured SM quantities, the comparison of the measurements of the Higgs boson, W boson, and 
top quark masses can be used to directly test the consistency of the SM IITTII and thus to search 
for evidence of physics beyond the SM. 

The combination is performed using only the H —> 77 and H —)■ ZZ —)■ 4£ decay channels, 
because these two channels offer the best mass resolution. Interference between the Higgs 
boson signal and the continuum background is expected to produce a downward shift of the 
signal peak relative to the true value of mn- The overall effect in the H —> 77 channel 
is expected to be a few tens of MeV for a Higgs boson with a width near the SM value, which 
is small compared to the current precision. The effect in the H —> ZZ —> 4£ channel is expected 
to be much smaller ll 2 Tt . The effects of the interference on the mass spectra are neglected in this 
Letter. 

The ATLAS and CMS detectors 1221123| are designed to precisely reconstruct charged leptons, 
photons, hadronic jets, and the imbalance of momentum transverse to the direction of the 
beams. The two detectors are based on different technologies requiring different reconstruc¬ 
tion and calibration methods. Consequently they are subject to different sources of systematic 
uncertainty. 

The H —> 77 channel is characterized by a narrow resonant signal peak containing several hun¬ 
dred events per experiment above a large falling continuum background. The overall signal-to- 
background ratio is a few percent. Both experiments divide the H —> 77 events into different 
categories depending on the signal purity and mass resolution, as a means to improve sensi¬ 
tivity. While CMS uses the same analysis procedure for the measurement of the Higgs boson 
mass and couplings IITSl , ATLAS implements separate analyses for the couplings IMI and for 
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the mass IlMl : the latter analysis classifies events in a manner that reduces the expected system¬ 
atic uncertainties in OTh- 

The H —)■ ZZ —)■ 4£ channel yields only a few tens of signal events per experiment, but has 
very little background, resulting in a signal-to-background ratio larger than 1. The events are 
analyzed separately depending on the flavor of the lepton pairs. To extract nin, ATLAS em¬ 
ploys a two-dimensional (2D) fit to the distribution of the four-lepton mass and a kinematic 
discriminant introduced to reject the main background, which arises from ZZ continuum pro¬ 
duction. The CMS procedure is based on a three-dimensional fit, utilizing the four-lepton mass 
distribution, a kinematic discriminant, and the estimated event-by-event uncertainty in the 
four-lepton mass. Both analyses are optimized for the mass measurement and neither attempts 
to distinguish between different Higgs boson production mechanisms. 

There are only minor differences in the parameterizations used for the present combination 
compared to those used for the combination of the two channels by the individual experiments. 
These differences have almost no effect on the results. 

The measurement of mn, along with its uncertainty, is based on the maximization of profile- 
likelihood ratios A (a) in the asymptotic regime Il25ll2^ : 


A(a) 


L(a, 0(a)) 
L(a,0) ' 


( 1 ) 


where L represents the likelihood function, a the parameters of interest, and 0 the nuisance 
parameters. There are three types of nuisance parameters: those corresponding to systematic 
uncertainties, the fitted parameters of the background models, and any unconstrained signal 
model parameters not relevant to the particular hypothesis under test. Systematic uncertain¬ 
ties are discussed below. The other two types of nuisance parameters are incorporated into the 
statistical uncertainty. The 0 terms are profiled, i.e., for each possible value of a parameter of 
interest (e.g., mn), all nuisance parameters are refitted to maximize L. The a and 0 terms de¬ 
note the unconditional maximum likelihood estimates of the best-fit values for the parameters, 
while 0 (a) is the conditional maximum likelihood estimate for given parameter values a. 

The likelihood functions L are constructed using signal and background probability density 
functions (PDFs) that depend on the discriminating variables: for the H —)■ 77 channel, the 
diphoton mass and, for the H —> ZZ —)■ 4£ channel, the four-lepton mass (for CMS, also its 
uncertainty) and the kinematic discriminant. The signal PDFs are derived from samples of 
Monte Carlo (MC) simulated events. For the H —> ZZ —> 4^ channel, the background PDFs 
are determined using a combination of simulation and data control regions. For the H —> 
77 channel, the background PDFs are obtained directly from the fit to the data. The profile- 
likelihood fits to the data are performed as a function of nin and the signal-strength scale factors 
defined below. The fitting framework is implemented independently by ATLAS and CMS, 
using the ROOFiT II27I . ROOStats 112811 , and HistFactory 11^ data modeling and handling 
packages. 

Despite the current agreement between the measured Higgs boson properties and the SM pre¬ 
dictions, it is pertinent to perform a mass measurement that is as independent as possible of SM 
assumptions. For this purpose, three signal-strength scale factors are introduced and profiled 
in the fit, thus reducing the dependence of the results on assumptions about the Higgs boson 
couplings and about the variation of the production cross section times branching fraction with 
the mass. The signal strengths are defined as }i = (c 7 xpt x BFexpt)/ (c^SM x BFsm)/ representing 
the ratio of the cross section times branching fraction in the experiment to the correspond- 
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ing SM expectation for the different production and decay modes. Two factors, and 

l^VBF+VH' used to scale the signal strength in the H ^ 77 channel. The production pro¬ 
cesses involving Higgs boson couplings to fermions, namely gluon fusion (^gF) and associated 
production with a top quark-antiquark pair (ttH), are scaled with the factor. The pro¬ 

duction processes involving couplings to vector bosons, namely vector boson fusion (VBF) and 
associated production with a vector boson (VH), are scaled with the /^vbf+vh factor. The third 
factor, is used to scale the signal strength in the H ^ ZZ ^ M channel. Only a single 
signal-strength parameter is used for H —> ZZ —> A£ events because the nin measurement in 
this case is found to exhibit almost no sensitivity to the different production mechanisms. 

The procedure based on the two scale factors and /^vbf+vh H —> 77 channel 

was previously employed by CMS llT^ but not by ATLAS. Instead, ATLAS relied on a single 
H —> 77 signal-strength scale factor. The additional degree-of-freedom introduced by ATLAS 
for the present study results in a shift of about 40 MeV in the ATLAS H —)■ 77 result, leading 
to a shift of 20 MeV in the ATLAS combined mass measurement. 


The individual signal strengths Fvbf+vh' assumed to be the same for 

ATLAS and CMS, and are profiled in the combined fit for niH- The corresponding profile- 
likelihood ratio is 


A(mH) = 


/ Fvbf+vh' 


( 2 ) 


Slightly more complex fit models are used, as described below, to perform additional compati¬ 
bility tests between the different decay channels and between the results from ATLAS and CMS. 


Combining the ATLAS and CMS data for the H —>• 77 and H —>• ZZ —> 4£ channels according 
to the above procedure, the mass of the Higgs boson is determined to be 

niH = 125.09 ± 0.24 GeV 

(3) 

= 125.09 ± 0.21 (stat.) ± 0.11 (syst.) GeV, 

where the total uncertainty is obtained from the width of a negative log-likelihood ratio scan 
with all parameters profiled. The statistical uncertainty is determined by fixing all nuisance 
parameters to their best-fit values, except for the three signal-strength scale factors and the 
H —> 77 background function parameters, which are profiled. The systematic uncertainty is 
determined by subtracting in quadrature the statistical uncertainty from the total uncertainty. 
Equation (|^ shows that the uncertainties in the nin measurement are dominated by the statisti¬ 
cal term, even when the Run 1 data sets of ATLAS and GMS are combined. Figure]^ shows the 
negative log-likelihood ratio scans as a function of mn, with all nuisance parameters profiled 
(solid curves), and with the nuisance parameters fixed to their best-fit values (dashed curves). 

The signal strengths at the measured value of ntn are found to be = 1-15^0 25 , 

Fvbf+vh “ ^•12'1 q53 , and The combined overall signal strength ji (with 

^'ggV+ttH ~ Fvbf+vh ~ = }i) is }i = 1.24('(Q :[g. The results reported here for the signal 

strengths are not expected to have the same sensitivity, nor exactly the same values, as those 
that would be extracted from a combined analysis optimized for the coupling measurements. 


The combined ATLAS and GMS results for hi the separate H —>• 77 and H —)■ ZZ —> M 
channels are 


= 125.07 ± 0.29 GeV 
= 125.07 ± 0.25 (stat.) ± 0.14 (syst.) GeV 


( 4 ) 
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Figure 1: Scans of twice the negative log-likelihood ratio —2 In A(?mh) as functions of the Higgs 
boson mass mn for the ATLAS and CMS combination of the H —>• 77 (red), H —> ZZ —>• 4^ 
(blue), and combined (black) channels. The dashed curves show the results accounting for 
statistical uncertainties only, with all nuisance parameters associated with systematic uncer¬ 
tainties fixed to their best-fit values. The 1 and 2 standard deviation limits are indicated by the 
intersections of the horizontal lines at 1 and 4, respectively, with the log-likelihood scan curves. 

and 


mff = 125.15 ± 0.40 GeV 

( 5 ) 

= 125.15 ± 0.37 (stat.) ± 0.15 (syst.) GeV. 

The corresponding likelihood ratio scans are shown in Fig. 

A summary of the results from the individual analyses and their combination is presented in 

Fig-0 

The observed uncertainties in the combined measurement can be compared with expectations. 
The latter are evaluated by generating two Asimov data sets t26l . where an Asimov data set is 
a representative event sample that provides both the median expectation for an experimental 
result and its expected statistical variation, in the asymptotic approximation, without the need 
for an extensive MG-based calculation. The first Asimov data set is a "prefit" sample, generated 
using = 125.0 GeV and the SM predictions for the couplings, with all nuisance parameters 
fixed to their nominal values. The second Asimov data set is a "postfit" sample, in which mn, 
the three signal strengths Fvbf+vh' nuisance parameters are fixed to 

their best-fit estimates from the data. The expected uncertainties for the combined mass are 


= ±0.24 GeV = ±0.22 (stat.) ± 0.10 (syst.) GeV 


(6) 
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Figure 2: Summary of Higgs boson mass measurements from the individual analyses of AT¬ 
LAS and CMS and from the combined analysis presented here. The systematic (narrower, 
magenta-shaded bands), statistical (wider, yellow-shaded bands), and total (black error bars) 
uncertainties are indicated. The (red) vertical line and corresponding (gray) shaded column 
indicate the central value and the total uncertainty of the combined measurement, respectively. 

for the prefit case and 

^^Hpostfit = ±0.22 GeV - ±0.19 (stat.) ± 0.10(syst.) GeV (7) 

for the postfit case, which are both very similar to the observed uncertainties reported in Eq. Q. 

Gonstraining all signal yields to their SM predictions results in an value that is about 
70 MeV larger than the nominal result with a comparable uncertainty The increase in the 
central value reflects the combined effect of the higher-than-expected H —> ZZ —> measured 
signal strength and the increase of the H ^ ZZ branching fraction with niu- Thus, the fit 
assuming SM couplings forces the mass to a higher value in order to accommodate the value 
11 = 1 expected in the SM. 

Since the discovery, both experiments have improved their understanding of the electron, pho¬ 
ton, and muon measurements |[T6l l30ti^ . leading to a significant reduction of the systematic 
uncertainties in the mass measurement. Nevertheless, the treatment and understanding of 
systematic uncertainties is an important aspect of the individual measurements and their com¬ 
bination. The combined analysis incorporates approximately 300 nuisance parameters. Among 
these, approximately 100 are fitted parameters describing the shapes and normalizations of the 
background models in the H —)■ 77 channel, including a number of discrete parameters that al¬ 
low the functional form in each of the GMS H —> 77 analysis categories to be changed II35II . Of 
the remaining almost 200 nuisance parameters, most correspond to experimental or theoretical 
systematic uncertainties. 

Based on the results from the individual experiments, the dominant systematic uncertainties 
for the combined nin result are expected to be those associated with the energy or momentum 
scale and its resolution: for the photons in the H —> 77 channel and for the electrons and 
muons in the H ^ ZZ ^ Ai channel Ill4l - [T^ . These uncertainties are assumed to be uncor¬ 
related between the two experiments since they are related to the specific characteristics of the 
detectors as well as to the calibration procedures, which are fully independent except for negli¬ 
gible effects due to the use of the common Z boson mass Ii36l to specify the absolute energy and 


























6 


Table 1: Systematic uncertainties Sni^ (see text) associated with the indicated effects for each of fhe four 
inpuf charmels, and fhe corresponding confribufions of ATLAS and CMS fo fhe sysfemafic uncerfainfies 
of fhe combined resulf. "ECAL" refers fo fhe elecfromagnefic calorimefers. The numbers in parenfheses 
indicafe expecfed values obfained from fhe prefif Asimov dafa sef discussed in fhe fexf. The uncer- 
fainties for fhe combined resulf are relafed fo fhe values of fhe individual charmels fhrough the relative 
weight of fhe individual channel in fhe combinafion, which is proportional to the inverse of fhe respec- 
five uncerfainfy squared. The fop secfion of fhe fable divides fhe sources of sysfemafic uncerfainfy info 
three classes, which are discussed in the text. The bottom section of fhe fable shows fhe fofal sysfem¬ 
afic uncerfainfies esfimafed by adding the individual contributions in quadrature, the total systematic 
uncertainties evaluated using the nominal method discussed in the text, the statistical uncertainties, the 
total uncertainties, and the analysis weights, illustrative of fhe relafive weighf of each charmel in fhe 
combined nin measuremenf. 



Uncertainty in ATLAS 
results [GeV]: 
observed (expected) 

H ^ 77 

Uncertainty in CMS 
results [GeV]: 
observed (expected) 

H ^ 77 ZZ^U 

Uncertainty in 
combined result [GeVj: 

observed (expected) 
ATLAS CMS 

Scale uncertainties: 

ATLAS ECAL non-linearity / 

CMS photon non-linearity 

0.14 (0.16) 

- 

0.10 (0.13) 

- 

0.02 (0.04) 0.05 (0.06) 

Material in front of ECAL 

0.15 (0.13) 

- 

0.07 (0.07) 

- 

0.03 (0.03) 0.04 (0.03) 

ECAL longitudinal response 

0.12 (0.13) 

- 

0.02 (0.01) 

- 

0.02 (0.03) 0.01 (0.01) 

ECAL lateral shower shape 

0.09 (0.08) 

- 

0.06 (0.06) 

- 

0.02 (0.02) 0.03 (0.03) 

Photon energy resolution 

0.03 (0.01) 

- 

0.01 (<0.01) 

- 

0.02 (<0.01) <0.01 (<0.01) 

ATLAS H ^ 77 vertex & conversion 

0.05 (0.05) 

- 

- 

- 

0.01 (0.01) 

reconstruction 

Z ^ ee calibration 

0.05 (0.04) 

0.03 (0.02) 

0.05 (0.05) 

- 

0.02 (0.01) 0.02 (0.02) 

CMS electron energy scale & resolution 

- 

- 

- 

0.12 (0.09) 

0.03 (0.02) 

Muon momentum scale & resolution 

- 

0.03 (0.04) 

- 

0.11 (0.10) 

<0.01 (0.01) 0.05 (0.02) 

Other uncertainties: 

ATLAS H ^ 77 background 

0.04 (0.03) 

- 

- 

- 

0.01 (0.01) 

modeling 

Integrated luminosity 

0.01 (<0.01) 

<0.01 (<0.01) 

0.01 (<0.01) 

<0.01 (<0.01) 

0.01 (<0.01) 

Additional experimental systematic 

0.03 (<0.01) 

<0.01 (<0.01) 

0.02 (<0.01) 

0.01 (<0.01) 

0.01 (<0.01) 0.01 (<0.01) 

uncertainties 

Theory uncertainties 

<0.01 (<0.01) 

<0.01 (<0.01) 

0.02 (<0.01) 

<0.01 (<0.01) 

0.01 (<0.01) 

Systematic uncertainty (sum in 

0.27 (0.27) 

0.04 (0.04) 

0.15 (0.17) 

0.16 (0.13) 

0.11 (0.10) 

quadrature) 

Systematic uncertainty (nominal) 

0.27 (0.27) 

0.04 (0.05) 

0.15 (0.17) 

0.17(0.14) 

0.11 (0.10) 

Statistical uncertainty 

0.43 (0.45) 

0.52 (0.66) 

0.31 (0.32) 

0.42 (0.57) 

0.21 (0.22) 

Total uncertainty 

0.51 (0.52) 

0.52 (0.66) 

0.34 (0.36) 

0.45 (0.59) 

0.24 (0.24) 

Analysis weights 

19% (22%) 

18% (14%) 

40% (46%) 

23% (17%) 

- 


momentum scales. Other experimental systematic uncertainties IUHTbl are similarly assumed 
to be uncorrelated between the two experiments. Uncertainties in the theoretical predictions 
and in the measured integrated luminosities are treated as fully and partially correlated, re¬ 
spectively. 

To evaluate the relative importance of the different sources of systematic uncertainty, the nui¬ 
sance parameters are grouped according to their correspondence to three broad classes of sys¬ 
tematic uncertainty: 

• uncertainties in the energy or momentum scale and resolution for photons, electrons, 
and muons ("scale"), 

• theoretical uncertainties, e.g., uncertainties in the Higgs boson cross section and 
branching fractions, and in the normalization of SM background processes ("the¬ 
ory"), 

• other experimental uncertainties ("other"). 

First, the total uncertainty is obtained from the full profile-likelihood scan, as explained above. 
Next, parameters associated with the "scale" terms are fixed and a new scan is performed. 
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Then, in addition to the scale terms, the parameters associated with the "theory" terms are 
fixed and a scan performed. Finally, in addition, the "other" parameters are fixed and a scan 
performed. Thus the fits are performed iteratively, with the different classes of nuisance pa¬ 
rameters cumulatively held fixed to their best-fit values. The uncertainties associated with the 
different classes of nuisance parameters are defined by the difference in quadrature between 
the uncertainties resulting from consecutive scans. The statistical uncertainty is determined 
from the final scan, with all nuisance parameters associated with systematic terms held fixed, 
as explained above. The result is 

niH = 125.09 ± 0.21 (stat.) ± 0.11 (scale) ± 0.02 (other) ± 0.01 (theory) GeV, ( 8 ) 

from which it is seen that the systematic uncertainty is indeed dominated by the energy and 
momentum scale terms. 

The relative importance of the various sources of systematic uncertainty is further investigated 
by dividing the nuisance parameters into yet-fmer groups, with each group associated with 
a specific underlying effect, and evaluating the impact of each group on the overall mass un¬ 
certainty. The matching of nuisance parameters to an effect is not strictly rigorous because 
nuisance parameters in the two experiments do not always represent exactly the same effect 
and in some cases multiple effects are related to the same nuisance parameter. Nevertheless 
the relative impact of the different effects can be explored. A few experiment-specific groups 
of nuisance parameters are defined. For example, ATLAS includes a group of nuisance param¬ 
eters to account for the inaccuracy of the background modeling for the H —> 77 channel. To 
model this background, ATLAS uses specific analytic functions in each category Il4l while CMS 
simultaneously considers different background parameterizations Il35l . The systematic uncer¬ 
tainty in wjh related to the background modeling in CMS is estimated to be negligible ITSl . 

The impact of groups of nuisance parameters is evaluated starting from the contribution of each 
individual nuisance parameter to the total uncertainty. This contribution is defined as the mass 
shift SniH observed when re-evaluating the profile-likelihood ratio after fixing the nuisance 
parameter in question to its best-fit value increased or decreased by 1 standard deviation (a) 
in its distribution. For a nuisance parameter whose PDF is a Gaussian distribution, this shift 
corresponds to the contribution of that particular nuisance parameter to the final uncertainty. 
The impact of a group of nuisance parameters is estimated by summing in quadrature the 
contributions from the individual parameters. 

The impacts Sthh due to each of the considered effects are listed in Table The results are 
reported for the four individual channels, both for the data and (in parentheses) the prefit 
Asimov data set. The row labeled "Systematic uncertainty (sum in quadrature)" shows the 
total sums in quadrature of the individual terms in the table. The row labeled "Systematic 
uncertainty (nominal)" shows the corresponding total systematic uncertainties derived using 
the subtraction in quadrature method discussed in cormection with Eq. (|^. The two methods to 
evaluate the total systematic uncertainty are seen to agree within 10 MeV, which is comparable 
with the precision of the estimates. The two rightmost columns of Table list the contribution 
of each group of nuisance parameters to the uncertainties in the combined mass measurement, 
for ATLAS and CMS separately. 

The statistical and total uncertainties are summarized in the bottom section of Table [T] Since 
the weight of a channel in the final combination is determined by the inverse of the squared 
uncertainty, the approximate relative weights for the combined result are 19% (H —> 77 ) and 
18% (H ^ ZZ ^ U) for ATLAS, and 40% (H ^ 77 ) and 23% (H ^ ZZ ^ U) for CMS. These 
weights are reported in the last row of Table along with the expected values. 
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Figure presents the impact of each group of nuisance parameters on the total systematic 
uncertainty in the mass measurement of ATLAS, CMS, and the combination. For the individual 
ATLAS and CMS measurements, the results in Figd^are approximately equivalent to the sum 
in quadrature of the respective SniH terms in Table njrnultiplied by their analysis weights, after 
normalizing these weights to correspond to either ATLAS only or CMS only The ATLAS and 
CMS combined results in Fig. are the sum in quadrature of the combined results in Table 

The results in Table and Fig. establish that the largest systematic effects for the mass un¬ 
certainty are those related to the determination of the energy scale of the photons, followed by 
those associated with the determination of the electron and muon momentum scales. Since the 
CMS H —> 77 channel has the largest weight in the combination, its impact on the systematic 
uncertainty of the combined result is largest. 


ATLAS and CMS uncertainty in ATLAS 
LHC Run 1 combined result 

ATLAS ECAL non-linearity / 

CMS photon non-linearity 

Material in front of ECAL 
ECAL longitudinal response 
ECAL lateral shower shape 

Photon energy resolution 

ATLAS H yy vertex & conversion 
reconstruction 

Z ^ ee calibration 

CMS electron energy scale & resolution 

Muon momentum scale & resolution 

ATLAS H yy background modeling 

Integrated luminosity 

Additional experimental 
systematic uncertainties 

Theory uncertainties 

0 0.05 0.1 



Uncertainty in CMS 
combined result 



0 0.05 0.1 


Uncertainty in LHC 
combined result 



dm^ [GeV] 


Figure 3: The impacts Snin (see text) of the nuisance parameter groups in Table on the AT¬ 
LAS (left), CMS (center), and combined (right) mass measurement uncertainty. The observed 
(expected) results are shown by the solid (empty) bars. 


The mutual compatibility of the nin results from the four individual channels is tested using 
a likelihood ratio with four masses in the numerator and a common mass in the denominator, 
and thus three degrees of freedom. The three signal strengths are profiled in both the numerator 
and denominator as in Eq. Q. The resulting compatibility, defined as the asymptotic p-value of 
the fit, is 10%. Allowing the ATLAS and CMS signal strengths to vary independently yields a 
compatibility of 7%. This latter fit results in an value that is 40 MeV larger than the nominal 
result. 

The compatibility of the combined ATLAS and CMS mass measurement in the H —)■ 77 chan¬ 
nel with the combined measurement in the H —> ZZ —)■ 4£ channel is evaluated using the 
variable Am^z = parameter of interest, with all other parameters, includ- 
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ing niH, profiled. Similarly, the compatibility of the ATLAS combined mass measurement in 
the two channels with the CMS combined measurement in the two channels is evaluated using 
the variable The observed results, Am^z = —0.1 ± 0.5 GeV and 

y^j^expt _ g 4 0 5 QeV, are both consistent with zero within 1 cr. The difference between the 

mass values in the two experiments is Am^^^ = 1.3 ± 0.6 GeV (2.1 a) for the H —> 77 channel 
and = —0.9 ± 0.7 GeV ( 1 . 3 ( 7 ) for the H —> ZZ —)■ 4£ channel. The combined results 

exhibit a greater degree of compatibility than the results from the individual decay channels 
because the Am^^P^ value has opposite signs in the two channels. 


The compatibility of the signal strengths from ATLAS and GMS is evaluated through the ratios 
A“P 1 = ^ATLAS/^CMS_ ^ and A 7 ‘ = ATLAS/J,«CMS 4,55 

purpose, each ratio is individually taken to be the parameter of interest, with all other nuisance 
parameters profiled, including the remaining two ratios for the first two tests. We find = 


1.21+°-30 AfP‘ = 1.3+°« 


-0.24' “f “ ^'"^-0.5' 

The ratio A^’^P* - 
H 


and A®„P* = all of which are consistent with unity within 1 a. 


'■u 

= /^VBFfra omitted because the ATLAS mass measurement in the 




77 channel is not sensitive to I^vbf-i-vh/ V- 


,77 

ggv+fm- 


The correlation between the signal strength and the measured mass is explored with 2D likeli¬ 
hood scans as functions of }i and mu- The three signal strengths are assumed to be the same: 
^'ggV+ttH ~ Hvbf-i-vh “ = /^' ratios of the production cross sections times 

branching fractions are constrained to the SM predictions. Assuming that the negative log- 
likelihood ratio —2 \nA{}i, mn) is distributed as a variable with two degrees of freedom, the 
68 % confidence level (GL) confidence regions are shown in Fig. for each individual measure¬ 
ment, as well as for the combined result. 


In summary, a combined measurement of the Higgs boson mass is performed in the H —)■ 77 
and H ZZ M channels using the LHG Run 1 data sets of the ATLAS and GMS experi¬ 
ments, with minimal reliance on the assumption that the Higgs boson behaves as predicted by 
the SM. 


The result is 

niH = 125.09 ± 0.24 GeV 

(9) 

= 125.09 ± 0.21 (stat.) ± 0.11 (syst.) GeV, 

where the total uncertainty is dominated by the statistical term, with the systematic uncertainty 
dominated by effects related to the photon, electron, and muon energy or momentum scales 
and resolutions. Gompatibility tests are performed to ascertain whether the measurements are 
consistent with each other, both between the different decay channels and between the two ex¬ 
periments. All tests on the combined results indicate consistency of the different measurements 
within 1 cr, while the four Higgs boson mass measurements in the two channels of the two ex¬ 
periments agree within 2 cr. The combined measurement of the Higgs boson mass improves 
upon the results from the individual experiments and is the most precise measurement to date 
of this fundamental parameter of the newly discovered particle. 
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S.L. Lloyd^^, E Lo Sterzo^^^, E. Lobodzinska^^, P. Loch^, W.S. Lockman^^^, EK. Loebinger^^, 

A. E. Loevschall-Jensen^^, A. Loginov^^^, T. Lohse^^, K. Lohwasser'^^, M. Lokajicek^^^, 

B. A. Long^^, J.D. Long®^, R.E. Long^^, K.A. Looper^^^, L. Lopes^^^®, D. Lopez Mateos^^, 

B. Lopez Paredes^^^, 1. Lopez Paz^^, J. Lorenz^*^^, N. Lorenzo Martinez^^, M. Losada^^^, 
P Loscutoff^^, PJ. Losel^'^*^, X. Lou^^®, A. Lounis^^^, J. Love^, PA. Love^^, N. Lu^^, H.J. Lubatti^^^, 

C. A. Lucotte^^, E Luehring^^, W. Lukas^^, L. Luminari^^^^*, O. Lundberg^'^^®'^^^’^, 
B. Lund-Jensen^'^^, D. Lyrm^^, R. Lysak^^^, E. Lytken®\ H. Ma^^, L.L. Ma^^'^, G. Maccarrone'^^, 
A. Macchiolo^*^^, G.M. Macdonald^^^, J. Machado Miguens^^^'^^^*^, D. Macina^®, D. Madaffari®^, 

R. Madar^^, H.J. Maddocks^^, W.E Mader^^, A. Madsen^^^, S. Maeland^^, T. Maeno^^, 
A. Maevskiy^^, E. Magradze^^, K. Mahboubi'^^, J. Mahlstedt^®^, G. Maiani^^^, G. Maidantchik^^^, 

A. A. Maier^^^, T. Maier^°°, A. S. Majewski^^^, Y. Makida^^, N. Makovec^^^, 

B. Malaescu®'^, Pa. Malecki^^, V.P Maleev^^^, E Malek^^, U. Mallik^^, D. Malon^, G. Malone^^^, 

S. Maltezos^*^, V.M. Malyshev^®^, S. Malyukov^®, J. Mamuzic^^, G. Mancini^^, B. Mandelli^®, 
L. Mandelli^^^, 1. Mandic^^, R. Mandrysch^^, J. Maneira^^^^'^^^'^, A. Manfredini^°\ 
L. Manhaes de Andrade Filho^^*^, J. Manjarres Ramos^^^'’, A. Mann^^'^, PM. Manning^^^, 
A. Manousakis-Katsikakis^, B. Mansoulie^^^, R. Mantifel®^, M. Mantoani^^, L. Mapelli^®, 
L. March^^^®, G. Marchiori®°, M. Marcisovsky^^^, G.P Marino^^^, M. Marjanovic^^, 
E Marroquim^^®, S.P Marsden®"^, Z. Marshall^^, L.E Marti^^, S. Marti-Garcia^^^, B. Martin^®, 

T. A. Martin^^'^, V.J. Martin^^, B. Martin dit Latour^^, M. Martinez^^'®, S. Martin-Haugh^^^, 

V. S. Martoiu^^®, A.G. Martyniuk^®, M. Marx^^^, E Marzano^^^®, A. Marzin^'^, L. Masetti®^, 
T. Mashimo^^^, R. Mashinistov^^, J. Masik^'^, A.L. Maslennikov^®^'®, 1. Massa^®®'^®*^, 

L. Massa^®®'^®*^, N. Massol^, P. Mastrandrea^^®, A. Mastroberardino®^®'®^, T. Masubuchi^^^, 
P Mattig^^^, J. Mattmann®^, J. Maurer^^®, S.J. Maxfield^^, D.A. Maximov^®^'®, R. Mazini^^\ 
S.M. Mazza^^®'^^'^, L. Mazzaferro^^^^'^^®*^, G. Me Goldrick^^®, S.P. Me Kee^®, A. McGarn®^, 

R. L. McGarthy^^®, T.G. McGarthy^^, N.A. McGubbin^®^, K.W. McFarlane^^'*, J.A. Mcfayden^^, 
G. Mchedlidze^^, S.J. McMahon^^^, R.A. MePherson^^^'^, M. Medinnis'^^, S. Meehan^^^®, 

S. Mehlhase^®®, A. Mehta^^, K. Meier^^®, G. Meineck^®®, B. Meirose^^, B.R. Mellado Garcia^^^®, 
E Meloni^^, A. Mengarelli^®®'^®’^, S. Menke^®^, E. Meoni^^^, K.M. Mercurio^^, S. Mergelmeyer^^, 
P Mermod^^, L. Merola^®^®'^®^'’, G. Meroni^^®, ES. Merritt®^, A. Messina^®^^'^^^'^, J. Metcalfe^^, 
A.S. Mete^^®, G. Meyer®^, G. Meyer^^^, J-P. Meyer^®^, J. Meyer^®^, R.P Middleton^®^, 
S. Miglioranzi^^^®'^^^®, L. Mijovic^^, G. Mikenberg^^^, M. Mikestikova^^^, M. Mikuz^^, 

M. Milesi®^, A. Milic^®, D.W. Miller®^, G. Mills^^, A. Milov^^^, D.A. Milstead^"^^®'^^^*^, 

A.A. Minaenko^^®, Y. Minami^^^, LA. Minashvili^^, A.L Mincer^^®, B. Mindur®®^, M. Mineev^^, 
Y. Ming^^®, L.M. Mir^^, T. Mitani^^^, J. Mitrevski^®®, V.A. Mitsou^^^, A. Miucci"^^, 
PS. Miyagawa^®^, J.U. Mjommark^^, T. K. Mochizuki^^, S. Mohapatra®^, 

W. Mohr^®, S. Molander^^^®'^'^^*’, R. Moles-Valls^®^, K. Monig^^, G. Monini^^, J. Monk®^, 

E. Monnier®^, J. Montejo Berlingen^^, E Monticelli^^, S. Monzani^^^®'^^^*^, R.W. Moore^, 

N. Morange^^^, D. Moreno^^^, M. Moreno Llacer^^, P Morettini^®®, M. Morgenstern'^^, 
M. Morii^^, M. Morinaga^^^, V. Morisbak^^^, S. Moritz®^, A.K. Morley^^^, G. Mornacchi®®, 
J.D. Morris^^, S.S. Mortensen®^, A. Morton^^, L. Morvaj^®^, M. Mosidze^^*’, J. Moss^^\ 
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K. Motohashi^^^, R. Mount^^^, E. Mountricha^^, S.V. Mouraviev^^'*, E.J.W. Moyse^^, 

S. Muanza^^, R.D. Mudd^^, E. Mueller^^^, J. Mueller^^^, K. Mueller^^ R.S.P. Mueller^^®, 

T. Mueller^®, D. Muenstermann^^, P. Mullen^^, Y. Munwes^^^, J.A. Murillo Quijada^^, 
W.J. Murray^^'^'^^^, H. Musheghyan^^, E. Musto^^^, A.G. Myagkov^^'^'““, M. Myska^^^, 

O. Nackenhorst^^, J. Nadal^^, K. Nagai^^*^, R. Nagai^^^, Y. Nagai^^, K. Nagano^^, 
A. Nagarkar^^^, Y Nagasaka^^, K. Nagata^^®, M. Nagel^®^, E. Nagy^^, A.M. Nairz^°, 
Y Nakahama^®, K. Nakamura^^, T. Nakamura^^^, I. Nakano^^^, H. Namasivayam^^, 
R.E Naranjo Garcia^^, R. Narayan^^, T. Naumann^^, G. Navarro^^^, R. Nayyar^, H.A. Neal^^, 
PYu. Nechaeva^^, T.J. Neep^^, PD. Nef^^^, A. Negri^^^®'^^^^, M. Negrini^^®, S. Nektarijevic^®^, 

G. Nellist^^^, A. Nelson^^^, S. Nemecek^^^, P Nemethy^^®, A.A. Nepomuceno^^^, M. Nessi^^'®^, 
M.S. Neubauer^^^, M. Neumann^^^, R.M. Neves^^'^, P Nevski^^, PR. Newman^^, D.H. Nguyen^, 

R. B. Nickerson^^'^, R. Nicolaidou^^^, B. Nicquevert^'^, J. Nielsen^^^, N. Nikiforou^^, 

A. Nikiforov^^, V. Nikolaenko^^*^'““, I. Nikolic-Audit®'^, K. Nikolopoulos^^, J.K. Nilsen^^^, 

P. Nilsson^^, Y. Ninomiya^^^, A. Nisati^^^^, R. Nisius^®^, T. Nobe^^^, M. Nomachi^^^, 

I. Nomidis^^, T. Nooney^^, S. Norberg^^^, M. Nordberg^®, O. Novgorodova^^, S. Nowak^°\ 
M. Nozaki^^, E. Nozka^^^, K. Ntekas^'^, G. Nunes Hanninger®^, T. Nunnemann^*^®, E. Nurse^^, 
E. Nuti^^ B.J. 0'Brien46, R O'grady^, D.G. 0'Neib42, V. O'Shea^^ EG. Oakham^^^'^, 

H. Oberlack^*^^, T. Obermann^^, J. Ocariz®*^, A. Ochi^^, I. Ochoa^^, J.P Ochoa-Ricoux^^®, 

S. Oda^°, S. Odaka^^ H. Ogren^\ A. Oh®^ S.H. G.G. Ohm^^ H. Ohman^^^ H. Oide^o, 
W. Okamura^^®, H. Okawa^^'^, Y. Okumura^^, T. Okuyama^^^, A. Olariu^^^, S.A. Olivares Pino^^, 

D. Oliveira Damazio^^, E. Oliver Garcia^^^, A. Olszewski^^, J. Olszowska^^, A. Onofre^^^®'^^^®, 

P. U.E. Onyisi^^''?, G.J. Oram^^^®, M.J. Oreglia^^, Y. Oren^^^, D. Orestano^^^®'^^^*^, N. Orlando^^^, 

G. Oropeza Barrera^^, R.S. Orr^^®, B. Osculati^'^®'^^'’, R. Ospanov^^, G. Otero y Garzon^^, 

H. Otono^*^, M. Ouchrif^^^'^, E.A. Ouellette^^^, E. Ould-Saada^^^, A. Ouraou^^^, K.P Oussoren^^^, 

Q. Ouyang^^®, A. Ovcharova^^, M. Owen^^, R.E. Owen^®, V.E. Ozcan^^®, N. Ozturk^, 
K. Pachab^^, A. Pacheco Pages^^, G. Padilla Aranda^^, M. Pagacova^®, S. Pagan Griso^^, 

E. Paganis^^^, G. Pahb^^, P. Paige^^, P. Pais^^, K. Pajcheb^^, G. Palacino^^^*^, S. Palestini^®, 
M. Palka^®'^, D. Pallin^"^, A. Palma^^^®'^^^*’, YB. Pan^^^, E. Panagiotopoulou^®, G.E. Pandini^®, 

J. G. Panduro Vazquez^^, P. Pani^^^®'^^^'’, S. Panitkin^^, D. Pantea^^®, L. Paolozzb^, 
Th.D. Papadopoulou^*^, K. Papageorgiou^^^, A. Paramonov^, D. Paredes Hernandez^^^, 
M.A. Parker^®, K.A. Parker^^^, P. Parodb'^^*'^^'’, J.A. Parsons^^, U. Parzefalb®, E. Pasqualucci^^^®, 
S. Passaggio^®^, P. Pastore^^^®'^^'^'’'*, Pr. Pastore^^, G. Pasztor^^, S. Pataraia^^^, N.D. Pateb^®, 

J. R. Pater®^, T. Pauly^^, J. Pearce^^^, B. Pearson^^^, E.E. Pedersen^^, M. Pedersen^^^, 
S. Pedraza Eopez^^^, R. Pedro^^^^'^^^'^, S.V. Peleganchuk^*^^, D. Pelikan^^^, H. Peng^^*^, 

B. Penning^^, J. Penwelb^, D.V. Perepelitsa^^, E. Perez Godina^^^^, M.T. Perez Garcia- 
Estan^^^, E. Perini^^^'^^*’, H. Pernegger^^, S. Perrella^'^^®'^*^^'’, R. Peschke^^, V.D. Peshekhonov^^, 

K. Peters^®, R.P.Y. Peters^^, B.A. Petersen^®, T.G. Petersen^^, E. Petib^, A. Petridis^'^^®'^^^’^, 
G. Petridou^^^, E. Petrolo^^^^, P. Petrucci^^^^'^^^'^, N.E. Pettersson^^^, R. Pezoa^^*^, 
PW. Phillips^^^, G. Piacquadio^^^, E. Pianori^^®, A. Picazio^^, E. Piccaro^^, M. Piccininb^®'^*, 
M.A. Pickering^^®, R. Piegaia^^, D.T. Pignotti^^^, J.E. Pilcher^^, A.D. Pilkington®^, 
J. pina^26a,i26b,i26d^ ]y[ pjj^gj^Qj^|.p64a,i64c,flc^ j p Pinfold^, A. PingeP^, B. Pinto^^^^*, S. Pires^°, 
M. Pitt^^^, G. Pizio^^®'^^'^, E. Plazak^^^®, M.-A. Pleier^^, V. Pleskot^^^, E. Plotnikova^^, 
P. Plucinski^^^^'^^^'’, D. Pluth^^, R. Poettgen^^, E. Poggioli^^^, D. Pohb^, G. Polesello^^^^*, 
A. Policicchio^^®'^^, R. Polifka^^^, A. Polinb*^®, G.S. Pollard^^, V. Polychronakos^^, K. Pommes^®, 
E. Pontecorvo^^^®, B.G. Pope^°, G.A. Popeneciu^^*^, D.S. Popovic^^, A. Poppleton^®, 
S. Pospisib^®, K. Potamianos^^, I.N. Potrap^^, G.J. Potter^^^, G.T. Potter^^^, G. Poulard^®, 
J. Poveda^®, V. Pozdnyakov^^, P. Pralavorio^^, A. Pranko^^, S. Prasad^'^, S. Prelb^, D. Price®^, 
E.E. Price^, M. Primavera^^®, S. Prince®^, M. Proissb^, K. Prokofiev^®®, P. Prokoshin^^’^, 
E. Protopapadaki^^^, S. Protopopescu^^, J. Proudfoob, M. Przybycien^^®, E. Ptacek^^^, 
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D. E. Pueschel^^, D. Puldon^^^, M. Purohit^^'®'^, P Puzo^^^, J. Qian®^, G. Qin^^, 

Y. Qin®^, A. Quadt^^, D.R. Quarrie^^, W.B. M. Queitsch-Maitland^^, D. Quilty^^, 

S. Raddum^^^, V. Radeka^^, V. Radescu^^, S.K. Radhakrishnan^^®, P Radloff^^^, P Rados^^, 
F. Ragusa^^^'^^'^, G. Rahal^^^, S. Rajagopalan^^, M. Rammensee^®, G. Rangel-Smith^^^, 

F. Rauscher^^'^, S. Rave®^, T. Ravenscroft^^, M. Raymond^®, A.F. Read^^^, N.P Readioff^^, 

D. M. Rebuzzi^^^®'^^^'^, A. Redelbach^^^, G. Redlinger^^, R. Reece^^^, K. Reeves^^, F. Rebnisch^^, 

H. Reisin^^, M. Relich^^^, G. Rembser^®, H. Ren^^®, A. Renaud^^^, M. Rescigno^^^®, S. Resconi^^®, 
O.F. Rezanova^*^^'*^, P Reznicek^^^, R. Rezvani^^, R. Richter^^^, S. Richter^^, E. Richter- 
Was^^*’, O. Ricken^^, M. Ridel^'^, P Rieck^^, G.J. Riegel^^^, J. Rieger^^, M. Rijssenbeek^'^^, 
A. F. Rinaldi^®®, B. Ristic'^^, E. Ritsch^^, F Riu^^, F Rizatdinova^^'^, E. Rizvi^^, 

S.H. Robertson®^'^, A. Robichaud-Veronneau^^, D. Robinson^^, J.E.M. Robinson®^, A. Robson^^, 

G. Roda^^^^'^^^*^, S. Roe^^, O. R 0 hne^^^, S. Rolli^^\ A. Romaniouk^^, M. Romano^^®'^*, 
S.M. Romano Saez^"^, E. Romero Adam^^^, N. Rompotis^^^, M. Ronzani^^, F. Roos^*^, 

E. Ros^^^, S. Rosati^^^^, K. Rosbach'^^, P Rose^^^, PE. Rosendahb^, O. Rosenthab'^^ 
V. Rossettii46a446b^ E ]^Qggp04a,i04b^ p p RossbO^ R. Rosteni38, M. Rotaru^^a, I. Roth^^^^ 
J. Rothberg^^^, D. Rousseau^^^, G.R. Royon^^^, A. Rozanov®^, Y. Rozen^^^, X. Ruan^^^^^, 

F. Rubbo^"^^, E Rubinskiy^^, V.I. Rud^^, G. Rudolph^^, M.S. Rudolph^^^, F. Riihr'^^, 

A. Ruiz-Martinez^*^, Z. Rurikova'^^, N.A. Rusakovich^^, A. Ruschke^®^, H.F. Russelb^^, 
J.P Rutherfoord^, N. Ruthmann^®, YF. Ryabov^^^, M. Rybar^^^, G. Rybkin^^^, N.G. Ryder^^°, 
A.F Saavedra^^'^, G. Sabato^®^, S. Sacerdotb^, A. Saddique^, H.F-W. Sadrozinski^^^, 
R. Sadykov^^, F. Safai Tehrani^^^®, M. Saimpert^^^, H. Sakamoto^^^, Y Sakurai^^^ 

G. Salamanna^^^®'^^^*’, A. Salamon^^^®, M. Saleem^^^, D. Salek^'^^, PH. Sales De Bruin^^^, 
D. Salihagic^*^^, A. Salnikov^^^, J. Salt^^^, D. Salvatore^^^'^^, F. Salvatore^^^, A. Salvucci^^^, 
A. Salzburger^^, D. Sampsonidis^^^, A. Sanchez^'^^^'^®^’^, J. Sanchez^^^, V. Sanchez Martinez^^^, 

H. Sandaker^^, R.F. Sandbach^^, H.G. Sander®^, M.P Sanders^*^'^, M. Sandhofb^^, 
G. Sandovab^^, R. Sandstroem^'^^, D.P.G. Sankey^^^, M. Sannino^®^'^®'^, A. Sansonb^, 
G. Santoni^^, R. Santonico^^^®'^^^'’, H. Santos^^^®, I. Santoyo Gastillo^^^, K. Sapp^^^, 

A. Sapronov^^, J.G. Saraiva^^^®'^^^‘^, B. Sarrazin^^ O. Sasaki^^, Y. Sasaki^^^, K. Sato^^°, 

G. Sauvage^'*, E. Sauvan^, G. Savage^^, P. Savard^^®''^, G. Sawyer^^®, F. Sawyer^^''^, 

J. Saxon^\ G. Sbarra^*^®, A. Sbrizzb*^®'^*, T. Scanlon^^, D.A. Scannicchio^^^, M. Scarcella^^*^, 
V. Scarfone^^^'^^, J. Schaarschmidt^^^, P. Schacht^*^^, D. Schaefer^®, R. Schaefer'^^, 

J. Schaeffer^^, S. Schaepe^^, S. Schaetzeb^'^, U. Schafer®^, A.G. Schaffer^^^, D. Schaile^^*^, 
R.D. Schamberger^^®, V. Scharb®^, V.A. Schegelsky^^^, D. Scheirich^^^, M. Schernau^^^, 
G. Schiavi^®^'^®*’, G. Schillo'^®, M. Schioppa^^®'^^, S. Schlenker^'^, E. Schmidb^, K. Schmieden^*^, 
G. Schmitt^^, S. Schmitt^®*^, S. Schmitt^^, B. Schneider^^^®, YJ. Schnellbach^^, U. Schnoor'^^, 

F. Schoeffeb^^, A. Schoening^®'’, B.D. Schoenrock^®, E. Schopb^, A.F.S. Schorlemmer^^, 

M. Schott®^, D. Schouten^^^®, J. Schovancova^, S. Schramm^^®, M. Schreyer^^^, G. Schroeder®^, 

N. Schuh®^, M.J. Schultens^^, H.-G. Schultz-Goulon^^®, H. Schulz^^, M. Schumacher"^®, 

B. A. Schumm^®^, Ph. Schune^®®, G. Schwanenberger®"^, A. Schwartzman^^®, T.A. Schwarz®^, 
Ph. Schwegler^^®, Ph. Schwemling®®®, R. Schwienhorsb®, J. Schwindling®®®, T. Schwindb®, 

M. Schwoerer®, EG. Sciacca^^, E. Scifo®®^, G. Sciolla^®, F. Scuri®^^^'®^^*^, F. Scutti^®, J. Searcy®^, 

G. Sedov®^, E. Sedykh®^®, P. Seema^®, S.G. Seidel®®®, A. Seiden®®^, F. Seifert®^®, J.M. Seixas^®^, 
G. Sekhniaidze®®®^, K. Sekhon®®, S.J. Sekula®®, K.E. Selbach®®, D.M. Seliverstov®^®'*, 

N. Semprini-Gesari^®^'^®®’, G. Serfon®®, F. Serin®®^, F. Serkin®®®^'®®®®’, T. Serre®®, M. Sessa®®®^'®®®®*, 

R. Seuster®®^®, H. Severini®®®, T. Sfiligoj^®, F. Sforza®®®, A. Sfyrla®®, E. Shabalina®®, M. Shamim®®®, 

F. Y Shan®®^ R. Shang®®®, J.T. Shank^^, M. Shapiro®®, PB. Shatalov^^, K. Shaw®®®^'®®®®’, 

S. M. Shaw®®, A. Shcherbakova®®®^'®®®®, G.Y Shehu®®^, P. Sherwood^®, F. Shi®®®'®*^, S. Shimizu®^, 

G. O. Shimmin®®®, M. Shimojima®®^, M. Shiyakova®®, A. Shmeleva^®, D. Shoaleh Saadi^®, 
M.J. Shochet®®, S. Shojaii^®^'^®®, S. Shrestha®®®, E. Shulga^®, M.A. Shupe^, S. Shushkevich®^, 
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P. Sicho^^^, O. Sidiropoulou^^^, D. Sidorov^^^, A. Sidoti^^®'^*, F. Siegert^^, Dj. Sijacki^^, 

J. Y. Silver^^^, S.B. Silverstein^^^^, V. Simak^^^, O. Simard^, Lj. Simic^^, S. Simion^^^, 

E. Simioni^^, B. Simmons^^, D. Simon^"^, R. Simoniello^^‘*'^^’^, P. Sinervo^^®, N.B. Sinev^^^, 

G. Siragusa^^^, A.N. Sisakyan^^'*, S.Yu. Sivoklokov^^, J. T.B. Sjursen^^, 

M.B. Skinner^^, H.P Skottowe^^, P Skubic^^^, M. Slater^®, T. Slavicek^^^, M. Slawinska^^^, 

K. Sliwa^^^, V. Smakhtin^^^, B.H. Smart^^, L. Smestad^^, S.Yu. Smirnov^^, Y. Smirnov^^, 

L. N. Smirnova^^''^^, O. Smirnova^^, M.N.K. Smith^^, R.W. Smith^^, M. Smizanska^^, 

K. Smolek^^®, A.A. Snesarev^^, G. Snidero^^, S. Snyder^^, R. Sobie^^^'^, F. Socher^^, A. Soffer^^^, 

D.A. G.A. Solans^o, M. Solar^^s, J. Solc^^s, E.Yu. Soldatov^^ U. Soldevila^^^, 

A. A. Solodkov^^'^, A. Soloshenko^^, O.V. Solovyanov^^®, V. Solovyev^^^, P. Sommer'^^, 

H. Y Song^^^, N. Soni\ A. Sood^^, A. Sopczak^^^, B. Sopko^^®, V. Sopko^^^, V. Sorin^^, D. Sosa^®*^, 

M. Sosebee®, G.L. Sotiropoulou^^'^®'^^^'’, R. Soualah^^^^'^^'^‘^, P. Soueid^^, A.M. Soukharev^®^'*^, 

D. South^^, B.G. Sowden^^, S. Spagnolo^^®'^^^, M. Spalla^^^®'^^^'^, F. Spano^^, W.R. Spearman^^, 

F. Spetteb°\ R. Spighi^°®, G. Spigo^°, F.A. Spiller^®, M. Spousta^^^, T. Spreitzer^^^, 
R.D. St. Denis^^'*, S. Staerz^, J. Stahlman^^^, R. Stamen^^®, S. Stamm^^, E. Stanecka^^, 

G. Stanescu^^^^, M. Stanescu-Bellu^^, M.M. Stanitzki'^^, S. Stapnes^^^, E.A. Starchenko^^®, 
J. Stark^^, P. Staroba^^^, P Starovoitov^^, R. Staszewski^^, P. Stavina^'^^^'*, P Steinberg^^, 

B. Stelzer^^^, H.J. Stelzer^®, O. Stelzer-Ghilton^^^^, H. Stenzel^^, S. Stern^®^, G.A. Stewart^^, 
J.A. Stillings^^, M.G. Stockton^^, M. Stoebe^^, G. Stoicea^^^, P Stolte^^, S. Stonjek^®^, 
A.R. Stradling®, A. Straessner^^, M.E. Stramaglia^^, J. Strandberg^^^, S. Strandberg^'^^^'^^^’^, 
A. Strandlie^^^, E. Strauss^"^^, M. Strauss^^^, P Strizenec^^^*^, R. Strohmer^^^, D.M. Strom^^^, 
R. Stroynowski^°, A. Strubig^®^, S.A. Stucci^^, B. Stugu^^, N.A. Styles^^, D. Su^^^, J. Su^^^, 

R. Subramaniam^^, A. Succurro^^, Y. Sugaya^^®, G. Suhr^^^, M. Suk^^^, V.V. Sulin^^, 

S. Sultansoy^'^, T. Sumida^^, S. Sun^^, X. Sun^^®, J.E. Sundermann^®, K. Suruliz^^^, 

G. Susinno^^®'^^, M.R. Sutton^^^, S. Suzuki^^, Y. Suzuki^^, M. Svatos^^^, S. Swedish^^^, 
M. Swiatlowski^^^, E Sykora^^^®, T. Sykora^^^, D. Ta^°, G. Taccini^^'^®'^^^*’, K. Tackmarm^^, 

J. Taenzer^^®, A. Taffard^^^, R. Tafirout^^^^, N. Taiblum^^^, H. Takai^^, R. Takashima^^, 

H. Takeda^^, T. Takeshita^'^*^, Y. Takubo^^, M. Talby®^, A.A. Talyshev^®^'^^, J.Y.G. Tam^^^, 

K. G. Tan^^, J. Tanaka^^^, R. Tanaka^^^, S. Tanaka^^, B.B. Tannenwald^^^, N. Tannoury^^ 
S. Tapprogge^^, S. Tarem^^^, F. Tarrade^^, G.F. Tartarelli^^®, P Tas^^^, M. Tasevsky^^^, T. Tashiro^^, 

E. Tassi^^®'^^, A. Tavares Delgado^^^®'^^^'^, Y. Tayalati^^^‘^, EE. Taylor^^, G.N. Taylor®^, 

W. Taylor^^^*^, F.A. Teischinger^®, M. Teixeira Dias Gastanheira^^, P Teixeira-Dias^^, 
K.K. Temming^^, H. Ten Kate^'^, PK. Teng^^^, J.J. Teoh^^^, F. Tepeb^^, S. Terada^^, K. Terashi^^^, 
J. Terron^^, S. Terzo^'^^ M. Testa^^, R.J. Teuscher^^®'*^, J. Therhaag^^, T. Theveneaux-Pelzer^^, 
J.P Thomas^^, J. Thomas-Wilsker^^, E.N. Thompson^^, P.D. Thompson^®, R.J. Thompson®^, 
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